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• EPR is used to analyze compounds with unpaired electrons 
• The magnetic moments of unpaired electrons interact with an external 
magnetic field. They can either align with or against it, giving high and 
low energy states. 
• For a single electron, two possible energy states exist. This is called 
Zeeman splitting, described by equation (1). 
Fig. 2 Diagram of an EPR spectrometer 
Fig. 1  The energy difference between 
electron spin states is directly proportional to 
the strength of the magnetic field 
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• Electrons can transition between 
spin states by absorbing or 
emitting electromagnetic 
radiation. 
• The magnetic field is increased 
over a set frequency range, thus 
increasing the energy difference 
between the spin states. 
• When the energy difference 
matches the energy of the 
microwave radiation, resonance 
occurs (Fig. 1). 
• Energy is absorbed and detected 
by a spectrometer (Fig. 2). 
• The g-factor is is a fingerprint of 
what the paramagnetic center is 
• Unlike the g-factor, resonance is 
dependent on frequency and 
field. 
 ΔE= hν = gβB 
• Hyperfine splitting occurs when the magnetic moment of an electron 
located on the sodium interacts with the nuclear spin. This happens when 
very little sodium is present in the sample (Fig. 6) 
• Usually at liquid He temperatures, electrons freeze out on the sodium, 
potentially resulting in hyperfine splitting. 
• Lack of hyperfine splitting on graph indicates that electrons are 
conduction electrons (Fig. 7). 
• EPR samples are loaded in quartz tubes with minimal 
impurities and are sealed under vacuum (Fig. 3). 
• There are numerous parameters that must be adjusted 
depending on the sample (Fig. 4) 
• Modulation amplitude: A larger modulation amplitude 
increases peak intensity. However, if it is too large the peak 
will widen and distort. The peak width should be 4-5 times 
greater than the modulation amplitude 
• Receiver Gain: important for seeing all the details of a 
spectrum. If it is too low, digitization occurs. If it is high, the 
signal will be clipped. 
• Microwave Power: Signal intensity increased with the 
square root of microwave power unless saturation occurs. 
If the power is too high, saturation effects cause the signal 
to weaken and broaden. A saturation curve (Fig. 5) is used 
to optimize this parameter. 
 
 
• The sample in the study is 2mg of 10% Na4Si24, 5% Si24, and 85% 
diamond Si. 
• It has an axially symmetric structure consisting of channels formed from 
six- and eight- membered rings (Fig. 8). 
• An axially symmetric material has different g-values for g-perpendicular 
and g-parallel to axis of symmetry. 
• This could result in EPR spectrum with two peaks or one broad peak. 
•  For comparison, the clathrate sample Na1Si136 is spherically symmetric 
(Fig. 9). 
• Asymmetry in Na4Si24 line shape corroborates this hypothesis, as does 
the symmetry in the Na1Si136 peak (Fig. 10). 
• Both peaks appear around g = 2 because that location is the signature of 
a free conduction electron. 
• Use a standard samples (weak pitch) to quantify the amount of 
sodium present in these structures. 
• Analyze the line shape to confirm the symmetry due to the cage. 
Fig. 5 Saturation curves of Na1Si136 and Na4Si24 
samples. 
(1) 
Fig. 4 Experimental parameter 
selection for EPR 
Fig. 6  Hyperfine Interaction of a Na1Si136 
sample Fig. 7  EPR Spectrum of Na4Si24 sample 
Fig. 8 Structure 
of Na4Si24 
sample 
Fig. 9 Structure 
of Na1Si136 
sample 
Fig. 10 Comparison of Na4Si24 and Na1Si136 EPR Spectra  
Electron Paramagnetic Resonance Theory 
Fig. 3 EPR tube 
with Na4Si24 
sample inside 
• Two allotropes of silicon, Si24 and Si136 are of interest for solar cell 
applications due to their band gaps of 1.3eV and 1.7eV, respectively. 
• Synthesis of these allotropes is carried out by thermal decomposition 










• Once Na level is less than 1 at. %, XRD and other techniques that are 
used to quantify the composition become ineffective. 
• In such cases, EPR is a highly useful tool capable of analyzing extremely 
low Na concentrations, as it is a paramagnetic ion. 
• In this study, we use EPR to probe the local sodium environment by 
analyzing the line shape and asymmetry of signal from Na. 
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